The paper shows mechanisms of both the pumping and energy decay of an "isolated" oscillator. The oscillator is only non-resonantly coupled with the adjacent oscillator which resonantly interacts with the thermal bath environment. Under these conditions the "isolated" oscillator begins interacting with the thermal bath environment of the adjacent oscillator. The conclusion is based on the kinetic equation derived relative to anti-rotating terms of the initial Hamiltonian, with the latter being the Hamiltonian of two oscillators and environment of one of them. In view of this, researchers consider atomic systems interacting with electromagnetic fields of various nature [6] [7] [8] [9] , photon systems consisting of photons of cavity modes interacting with other cavity systems, with intracavity and boundary atoms [10] [11] [12] [13] , and other optical problems.
pumping and relaxation channels of the oscillator whose non-resonant coupling is generally neglected. In addition, it is demonstrated that an oscillator interacting indirectly with a bath forms its own relaxation channel in the absence of any resonant interactions with the medium.
For example, if there are two quantum oscillators of significantly different frequencies , with the oscillator being "virtually isolated" and interacting merely non-resonantly with the oscillator , then this non-resonant interaction forms a direct relaxation channel of the oscillator if the oscillator interacts with a thermal bath field. In this case, the oscillator interacts with its region of the spectrum of the thermal bath field, whose central frequency is equal to the frequency , i.e. it is resonant to frequency of the oscillator . The oscillator that is uncoupled with a thermal bath interacts with the same bath as the oscillator , only with thermal bosons, whose frequencies lie in another region of the spectrum, namely . It can be clearly seen in the figure below. The figure caption. Oscillators and are presented as modes of two non-resonant coupled cavities. As a consequence of transforming the system's initial Hamiltonian by means of the algebraic perturbation theory, the resulting effective Hamiltonian describes the interaction of cavity modes with different regions of the spectrum of thermal bosons whose central frequencies coincide with frequencies and .
It is to be emphasized that basing on the kinetic equation with predefined relaxation operators in the form of Lindblad due to neglect of the anti-rotating terms, all oscillators should interact only with the spectral region of thermal bosons with the central frequency . However, in fact, thermal bath fields can be modeled by high-intensity noise sources, whose frequencies are scattered around certain central frequencies, and therefore may not overlap at all and are characterized by different parameters, for example, the number density of photons per unit value of the frequency spectrum. These sources have been considered as independent noise sources starting from [19] . It means that such processes cannot be described by the dispersion limit of the kinetic equation with the predefined Lindblad operators, and a new kinetic equation should be derived according to the posed problem. 

It is to be noted that is a similar problem arose in describing attenuating classical oscillators [20] .
The case of "purely" photon (boson) systems is of particular importance in terms of kinetic equations. On the one hand, although there have been developed methods for the exact solution (the Hamiltonian diagonalization) of multiparticle and multimode boson problems [21, 22] , they still need to be numerically simulated. That is the so-called global approach in thermodynamic problems. On the other hand, in accordance with [21] , the resonance approximation for interacting modes gives rise both to the results that contradict thermodynamics principles (energy transfer from the cold to the hot environment is made "possible") and an incorrect stationary state of strongly coupled quantum systems [23] . The latter was first noted in [24] by introducing the phenomenological relaxation operator for resonantly interacting photon systems.
That being the case, it is undoubtedly important to derive the kinetic controlling equation of an open system from both general principles and the initial Hamiltonian under the conditions of non-resonant (dispersive) interaction of photon modes.
The present paper considers the case of two non-resonantly interacting oscillators with account of anti-rotating terms of their interaction operator using the algebraic perturbation theory. It also describes both the mechanism of forming the so-called interference [18] interactions by involving the interaction of one of the oscillators with a thermal bath field, and the relaxation channel with the thermal bath of an oscillator that is not directly coupled with the thermal bath. Finally, both a kinetic equation and its solution have been obtained, which take into account all anti-rotating terms and do not contradict thermodynamics principles, as evidenced by its standard Lindblad form, in terms of which two relaxation operators are presented for the predefined and new relaxation channels.
Non-resonantly coupled cavities
A quantum oscillator with the Hamiltonian is the simplest quantum model. It successfully describes photons in high-quality single-mode cavities, plasmon oscillations and other nanoobjects; interactions of an oscillator with various objects -electromagnetic fields, atoms, other cavities, etc. -have long been given substantial consideration. Such an oscillator will be called -by its frequency -the oscillator The problem of the dynamics of two interacting oscillators was solved in a general form in work [25] . In the same place, inconsistencies with an approximate method were analyzed, when the anti-rotating terms were neglected. As a result, it is possible to neglect the anti-rotating terms only in the case of resonant interaction.
At the same time, the exact results looked rather cumbersome, becoming obscure with an additional account of interaction of one of the oscillators with the bosons of the thermal bath field, allowing for their further application only in numerical counting [22] .
Meanwhile, treating a multimode field as a thermal bath suggests that the Markov approximation [21] be used, so that, generally speaking, precise results are not needed in this case. It is required that computations be clear to analyze possible physical consequences of the interaction of one of the oscillators with bosons of the thermal bath, which cannot be easily seen in the precise approach, and, for the time being, such results are unknown to the authors to solve the problem to be considered below. In the case of arbitrary frequencies, including also the limiting cases or the reverse, as well as the case of close frequencies, the main feature of optical systems is visible.
A major feature of optical systems is evident from the case of arbitrary frequencies , involving limit 
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it can be seen that the terms have rapidly time-varying factors . In the case of close frequencies there occur slowly varying terms with factors e apart from rapidly timevarying ones.
A standard approach to simplifying equation (1) is to use the Krylov-BogolyubovMitropolsky averaging method [26] [27] [28] . We will first demonstrate its application for the case of non-resonantly interacting oscillators. Then, by averaging, we immediately obtain that , so that non-resonant oscillators can be considered as non-interacting ones in the first approximation.
In order to take into account the second order of the averaging method as applied to similar optical problems, it is convenient to use its algebraic alternative [17, 18, 29] . Using the unitary symmetry of quantum theory, let us turn to a new representation with the help of the unitary transformation
. In the new representation, all relations, including the Schrödinger equation, have a previous form but are marked with a "tilde" sign. Expanding (according to the general theory [18] ) the transformed Hamiltonian and transformation generator in series over the coupling constant g , we obtain ,
where the Baker-Hausdorff formula is taken into account
The major requirement that meets the Krylov-Bogolyubov-Mitropolsky approach is that there are no rapidly time-varying terms in the transformed Hamiltonian. Time averaging leads to equality , which also corresponds to our assumption about the absence of rapidly time-varying terms. However, we additionally obtain the value of the transformation generator. Under the assumption of the adiabatic inclusion of the interaction we have 0 ) ( 
According to the formula (3), this generator determines the second order correction in the coupling constant due to the account of the anti-rotating terms. The absence of the rapidly timevarying terms in (3) obeys the requirements of the Krylov-Bogolyubov-Mitropolsky approach:
It can be seen that the oscillators remain non-interacting with each other in the second order, nevertheless, the impact of the other oscillator is apparent in the value of the parameters and 
The calculations described in the previous section have given rise to the effective Hamiltonian of the problem of the two non-resonant interacting oscillators under conditions when the oscillator is additionally connected to the thermal bath 
.
